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1. INTRODUCTION 

11. APPLICATIONS ON BOARD SPACECRAFT 

111. GENERAL PROBLEMS 

I t  might appear that there should be over\vhelming 
difficulties \vith the dry-heat sterilization of chemical 
propellants ;and pyrot t~l inic  materials since these are 
thtJiiSt’l\’t5 hcat-prodllcing, tmergetic. or Psp]osi\,e sub- 
sta1ict.s. ‘ffou.e\.tar, t h t  ;iutnignition tc.n~pc‘ratrirt~s of these 
substanccs (a t  ‘itmiit LWXM C )  <:i-tA t\vo or t l i r e t ~  times 
larger than tlic. prtwntly :tccc.ptc.d stc~ilization tempera- 
hirt.s and tht.rt.tort., iii gentml. \t~lf-tlc~fia~ratiori (foes not 
constitute ii thrtiit  t v q t  possil)l~, in the case of largt- 
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IV. PYROTECHNIC SUBSYSTEM 
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Fig. 1 .  Mariner Mars pyrotechnic control unit before sterilization heating 
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1 .  

Fig 2 Morincr Mors pyrotechnic control unit ofter sterilization heating 
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r T Y P I C A i -  BEYDIX 
CON NE t TOR 4 09 in 

PROPOSED 

Fig. 3. New squib concept 

Detun'tting rrplosi\.es normally woiilti he avoided in 
\p.icrcraft applications h i t  might lw r c q u i r t d  for flesihle, 
linc,ir-sh;iped charges in oper,ttions s i i c . 1 ~  :is thr  opertirig 
of the sttdization canister containing the stt*rilizvd 
c,qmile. Various availahlr cfr.toriiiting rxplosiws u.hich 
\vi11 meet the stt~iliz.ation rqtiirt~iiicmt are h i n g  ew1riatt.d 
and selected. 

V. LIQUID-PROPELLANT SUBSYSTEM 

critical. Separate sterilization can \till lw performed to 
rcduce the iriiti'il biological contamination. of t'oiint' 
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;3lY to 305 lI~:-wc/lb~., in a rc.I~r~'s~"i)tati\.l, .ipplic.,ition. 
The 1ii~h-i'i.rtorniarltr. c-r).ogrwic ?iquitf propt'11:irits arc' 
automcitic.all\. rii1t.d out for two rtJawns: thtb rtqiiircd 
insulation w oiild \c.ork against the }icat-\tc,rili;tatioii pro- 
cess, and if  thc \terilization heat passed through the 
insulation. intolt~rablr prc>ssurcs \voiiltf bc grnerattd 
( I t  may lie noted that the 1-apor-pressure fiinction of 
temperature of many propellaitts is very strep and that 
the accvptance or rejection of a propellant tleprnds criti- 
cally on the specified sterilization temperature.) The 
stress corrosion of N,O, in contact with 6.414\'a titanium, 
which othenvise would b t a  an excellent pressure-vessel 
material for spacecraft. is severely agqravated at  hiqh 
ternperahire and may force the use of less efficient alrrmi- 
num tankage. A s  for the stability of propellants. some of 
the amine fiirls (hydrazine and hydrazine mixturesj are 
known to undergo catalytic decomposition at a rate which 
is highly temperature-dependent. 

Specid1 design attention must be paid to the avoidance 
of propellmt leaks *it sealing points due to differences in 
thermal e.rpan<ion. For tbwample, lecrkage through the 
propellant \ alt e coitld be prevented b y  appropri.itt, blow- 
out discs \\ hich codd be opened after qterilization. The 
tankage must be overdesigned either in preswre or vol- 
ume to accoinmodate the increase in temperature, or else 
vent valve\ could be added to relieve tank-pressure 
buildup during the heating. 

\\'hereas i t  appears that oxidizers such as N,O, and red 
fuming nitric a c d  have a devastating effect on spores, it 
has been demolistrated that certain hydrocarbon fuels 
and N,H, do not exhibit such an effect. It has been dis- 
covered recently (Ref. 2) that N,H, permits a half-lifetime 
to the B .  slcbtilis spores of about one week at room tem- 
perature. Aircraft jet fuels in certain environments have 
heen plagued \vith the problem of microbial contami- 
nation, \vttich lends to clogged filters and sludge formation. 
Although the source of the contamination is rather con- 
troversial, the viability of many species of bacteria and 
fungi in the jet furls has been ~ ~ 1 1  established (Ref. 3). 

8. Optimization of Liquid-Propellant Propulsion- 
System Operating Parameters 

An anal>,sis (Hef. 1) \vas performed to optimize thcw- 
rt.tic& the li~iiiid-propellalit rocket-engine oprrating 
pranit5ters Lvith tht, piirposv of rnir:iinizing the pcmalties 
which ariw from the incrc>ased pressure.. First tht* 
rt~giil;ited-gas, prcwrirc-fed propfbllant tankage s!.stc*m 
\vas twated. The analytical problmi to be solved \vas tht, 
dctcmiination of the mass and wall thickrivss of a spheri- 
c-nl propellant tank :is parametric frinctions of the thermo- 
dynamic and spatial variubles of the propvllant-tank 
cysteni, givcsn the folhving: 

1 .  Optrating pressure (typically, 220 psi) 

2 .  Tank mdtr-rial itypically A1 2011-T6) 

3 .  \Veld factor (typically 2.0) and safety factors 

1. Propellant niass and properties [ propellmts e x a ~ n -  
ined are N,H,. IRFNA, N,O,, unsymrrietrical di- 
methyl hydrazine ( L-DXIH), kerosene. and H:02] 

5. Cllage space iilmve the propellant is preprcssurizcd 
to some fraction of the nominal operating pressure 
with ;in inert gas i i i  eqriilibri~im with thc propellaiit 
vapor 

6. Thc systcm is hc.atetf from temperature 7': to ~rL' 
\\-ittiout vcntiiig (t)yically from 20 to 115'CI 
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IRFNA 

N.O. 

UDMH 

?rp a P R E " ~ ~ E S S U R I Z A T I O N  FRACTIQN 

MATERIAL A L J W N J M  20'4 T6 
OPERATIYG PQESSb9E 223  p s i 0  

A L L 3 W A B L E  STRESS OF TANK AT 293°F 43630 psi  

S T E R I L I 2 AT !ON T E M ?E RAT U R E 2 9 3 F 

W E L D  FACTOR 2 

np - 100 *& 
t 

- t i  

2.7 

9 4  

2 7  

0 

-- - _ _  - 
IC 2'2 30 40 f0 - - g o -  - F > - T z  

,-Lasi 9!3 

Fig. 4. Ratio of tank mass to propellant mass for 
different prepressuriration levels in a 

hydrazine system 
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Table 1 .  Optimum ullage froctions 

I 

Pro pel Ion t I Optimum ulloge. % 

H y d r a z i n e  I 3&-? 1 

lRFNA 35 5-37 5 

N.0. 

UDMH 

Kerosene 

44-48 

36-40 

27 

H,O; 30 I I 
Table 2. Ratio of system mass for sterilizablt 

and nonsterilizable systems 

I 1 
Preprosurization level i 

I--- 

1 00 3 

17 

2 3  

6 7  

2.3 

! .4 

16 
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VI. SOLID-PROPELLANT SUBSYSTEM 
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Fig. 5. Results of grain configuration tests for tubular charge 

I 
I 
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- 
Fig. 7. Results of grain configuration tests for slotted grain with filled slot which i s  itself slotted 
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Vll. CONCLUDING REMARKS 

There are SC'\ era1 operational problems \vhich bear 
additional s t l i d \ -  .ind which may be solved by the devel- 

i 
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